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SUMMARY

The properties of a large forged disc of Inconel X alloy at room
temperature, 1200°, 1350°,and 1500°1?were studied in order to determine
the level of -propertiesobtainable in a forging of the type required for
the rotor discs of gas turbines. The disc was tested in the solution-
treated and aged condition. The first tests were made on the alloy given
a single aging treatment at 1300° F, but it was found that the alloy
possessed better properties when given a double aging treatment, first .
at 1550° F, and then at 1300° F. Most of the test d.ata.reportedherein
were obtained on the alloy given the double aging trea+anent. The data
reported include the results of tensile, impact, rupture, time+iefomnation,
creep, and structural~tability tests.

In general, the ~cmel X diSC for time periods up to 1000 hours had
as high, or higher, properties then other heat-resisting alloys tested at
1200° F. Its superiority decreased with test temperature so that there
waa relatively little difference between it and other alloys at 1500° F.

It was unusual in that third+tage creep occurred early in all tests,
but pmtic~arly at 1350° =a 1500°1?. The ittscelso retained high auC–
tility at room temperature titer prolonged exposure to stress at hlgl
temperatures. .

nvl!R~or?

~s report presents the results of a study of the
1200°,1350°,and 1500° F properties of a large disc of
tested in the solution-treated and eged condition.

ro-temperature,
Inconel X alloy

The purpose of this stuw-was to detemine the level of properties
exhibited by Inconel X alloy in the form of lerge forgings of the type
required for rotor discs of gas turbines. The results obtained previously
from investigations on Timken, CSA, EME, 19+DL, low-carbon N–155, S-590,
and s-816 discs of similar size are contained in reports listed as
references 1 through I-2.
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2 NACA TN NO. 1770

The work ~ the Usc materials is being carried out as part of two
correlated programs of research on alloys for gas-turbine applications in
progress in this counlry. The National Adtisory CoMfnitteefor Aeronautics
is sponsoring work directed toward the development of improved hig.h-
temperature aUoys for gas turbines used in aircraft power plants. A
concurrent program, formerly sponsored by the IiationalDefense Research
Committee, Office of Scientific Research and Development, and now
sponsored by the Office of Naval Research, Nawy Dep&tment, is being
directed to the development of alloys for gas-turbine applications in
general and, in particular, for both ship and aircraft propulsion. The
work herein was perfo%~ with the financial assistance of the National
Advisory Committee for Aeronautics and the Office of Naval Research, Navy
Department.

ThiE report is based on the ~oint effd of the cooperating research
programs. The investigation of these discs f,orthe NACAwas conducted at
the Engineering Research Institute of the Wversity of Michigan and for
the Na~ at BatteUe Mamorial hstitute.

TEST MMERIKW

The available information describing the
follows:

Manufacturer:

Internatioti Nickel Company, Inc.

Heat number:

Y-284&x

Chemicel composition:

g ~ g“ S& Q NJ !2.

O.0~ 0.51 0.007’ 0.39 14.61 73.42 1.04

Fabrication procedure:

A b800-Dound heat was made in a 6200=PowMi

disc msybe ~izea as

Ti Al F=—.

2.33 0.67 6.90

induction furnace

Cu.

0.04

and
teeme~ into & 18-by 18-by lo-inch mot. ~S @ot WEM forged at
2225° F to a ~–inc=ameter billet, which was then turned to a ~-inch

diameter and cut to a 2>inch len@h.

-,- —— .. —-. ., .,- .— —— ..— —— ..,, .. ,---, ,“--.



I?ACATN NO. 1~0 3

This billet was upset by the General Electric Company on a 12,00G
pound open frame hamner. US* temperatures between 2225° and 1800° F,
the billet was upset tn five heats to a disc of 22-inch diameter by

3* inches thick.

The solutton treatment performed on the as-forged et!.scby the General
Electric Company consisted of heating for 4 hours at 2100° F followed by
wate~uenching. The disc was sectioned and the various test specimens
rough machined prior to aging. At the the’ that tests on this Inconel X
disc were first begun, the recommended aging was a single tieatment of
40 hours at 1300° F. Subsequently, law ductility was observed in some of
the tests at 1200° and 1350° F on the shgl~ed material, and additional
tests were made on -materialgiven a double aging treatment as follows:

1550° F, 24 hours, air-cooled

1300° F, 20 hours, ~ooled

sampling:

The code nuniberassigned to the Usc was NR+9. Figure 1 shows the
location of the samples cut from the disc and the code system identifying
the coupons. The numerals refer to locations on the flat face of the
disc, snd the letters refer to the locations through the thickness of
the disc.

ExmRmmTAL PROCEDURE

The investigation was designed to provide the folloting information:
(1) The physical properties at room temperature, 1200°, 1350°, and 1500° F
which can be expected in large forgings of the Inconel X analysis; (2) the
effect of aging treatments on these physical properties; (3) the variation
in properties which might be present in various locations in such large
forgings; and (4) the change in roo~temperature properties resulting from
exposure to elevated temperatures under stress for prolonged time periods.

The physical+roperty Mta obtained for Ws large forged disc of
Inconel X alloy included short-time tensile properties, impact strengths,
rupture test characteristics, and design curves of stress against time for
total deformatiansof 0.1, 0.2, 0.5, and 1.0 percent at 1200°, 1350°, and
1500~ F. Creep ch=acteristics were also obtained at ‘1200°,1350°, and
1~00 F. The data from which the design curves were plotted came from the
time-deformation curves of both rupture and creep tests.

The uniformity of the disc was checked by uans of a hardness survey,
short-time tensile tests, and, to a limited extent, by rupture tests on
coupons from representative locations throughout the disc.

. . ..-—— -------- -——- .—.— -——— --— --.-~.~ -.--————--——---—- —. -——
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4 NACATNNOO 17’70

The testing procedures used for the short-thne tension, stress-
rupture, and creep tests were in accordance with the provisions of the
A.S.T.M. Recommended Practices lE21~3 and E22~l.

KFSOLTS

The data obtained from the Inconel X disc are presented as a series
of tables and figures which show the hardness, impact, tensile, rupture,
time+efomation, creep, and stability characteristics. The prticipal
results are summarized in figure 2.

Hardness Survey

both
Results of the hardness tests on the solution-tieated disc after
the first and second steps in the defile aging treatment are given

in figme 3.

The BrineH hardness as-solution-treatedwas about 150. The first
aging at 1550° F increased the hardness to about 210 and the second aging,
to about 285. The surface hardness of the aged disc was slightly higher
than for the interiw, but the hardness changed little from near the
center to the rim.

Short+ime Tensile Properties

The results of the short-time tensile tests at room temperate,
1200°, 1350°, and 1500° F are summarized in table I.

Roo@xmperature tests were made on both 0.505- and O.250-inch-
diameter radial specimens. The 0.25&incl+Mameter specimens gave slightly
lower tensile strengths than the O.50>inch bars, but had slightly higher
ductility. The results from both types of specimens indicated good
uniformity in the disc.

At 1200° and 1350° F, specimens from the center of the disc gave
lower strength values than did radial.speeimens taken from near the rim.
They also tended to have a greater scatter of values. At 1500° F, center
and rim specimens gave comparable properties.

The average tensile properties of the radial rim specimens aa plotted
in figure 2 are as follows:

“

——— ,--– — —.—
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Temperature
(%)

0.2=percent-
Tensile
strength

offset yield Elongation

(psi)
strength (percent)

(psi)—

75 154,000 97,000 20
1200 1.17,000 84,500 10
1350 95,500 77,000
1500 46,5oO 43,000 3;

-Y ~=t Resistance

Clumpy impact resistance (V+otch) was determined on specimens taken
near the rim of the disc. Data are shown in table II and fig-me 2 for
tests at room temperatie, 1200°, 1350°, and 1500° F after hol~ at
temperature for a time period sufficiently long to insure a uniform
temperature in the specimen.

The Clumpy impact resistance increased from.about 29 foot-pounds at
room temperature to a%out 60

Rupture

The stress-rupture data

foot=pounds at 1500° F.

Test Characteristics

for the tests at 1200°, 1350°, and 1500° F
are shown in table-lll, and the rupture strengths obtained from the
curves of sties8 against rupture time in figure 4 are sumtnarized at the
bottom of table III. “

●

All the stress-rupture tests were made on 0.250-inch+ameter radial
specimens taken from near the rim of the disc. There was no apparent
difference in test results from surface and center specimens taken from\
near the rim.

The rupture strengths at 1200° F for rupture in 100 and 1000 hours
were 81,500 and 66,500 psi, respectively. These values are very close to
those reported by the International Nickel Company for Inconel X bar stock.

(

At 1350° 1?the stresses to producfirrylmre in 100 and 1000 hours
were 53,500 and 37,000 psi, respectively, and at 1500° F, 23,200 E@
15,000 psi, respectively. These values are somewhat below those reported
by the Nickel Company for bar stock.

Rupture test ductilities were low at 1200°
rupture in 1000 hours was estimated to be about
values at 1350° I’were high and held up well as
increased. At 1500° F the elongation decreased
rupture in 4.5 hours to 6.9 percent for rupture

F. The elongation for
3 percent. The ductility
the time to rupture
from 50 percent for
in 604.2 hours..

..-. —-—--- —— ~.-— -—-——— -—-—— . —— .._. —- —.. —.. ——. — --
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THeformatian Characteristics

A convenient method of-describing the high-temperature strength of
a material is curves of stiess against the time required for various total

!deformations. Such information tith the curves of stress against rupture
time (and the curves of stress against creep rate) gives design engineers
a complete picture of the expected perfo-ce of an alloy under conditions
of constant tensile stress. The t~efomnation data obttied on the
Inconel X disc are plotted on semilogarithmic coordinates in figures 5, 6,
and 7 for totel “deformatic%sof 0.1, 0.2, (0.3 at 1200° F) 0.5, and
l.O’percent at 1200°, 13’50, and 1500° F for time periods up to about
2000 hours. Additional curves showing the time of transition from a
minimum creep rate to the increasing rate of third-stage creep have been
added so as to show when rapid elongation to failure starts.

At 1200°and 1350° F, and to a lesser etient at 1500° F, the cqrves
for the lower total deformations =re control-ledlargely by the promrtiond
limit. In figures 5, 6, and 7 Where this is tie the curves are dashed
to inticate that their location is somewhat variable. It should be
emphasized that, in tests at stiesses approaching or exceeding the pro-
portional limit of a material, wide differences in initial deformation
can be expected because of variations in the proportional limit.

The curves of stress against time for total defomatioh were plotted
from the data in table IV, which also includes the times for total defor-
mations of 2 and 5 percent. The stresses to cause various total defor-
mations in 1, 10, 100, 1000, and 2000 hours, as obtained from figures 5,
6, and7, are given in table~. These “defamation strengths” are useful
numerical ratings of the defomnation characteristics and, with the exceptiqn
of the estimated strengths for 1 hour, are plotted in summery figure 2.

The steepness of the transitiokpoint curves is a danger signal.
This material sho~dbe watched closely if used at times and stresses
b“eyondthe

Creep
of service,

transitionwoint curve.

Creep Strengths

rate data, used by many engineers in designs for lonR ueriods
have been collected from the time-deformation curve; ~f both

the s$ress-rupture and creep tests. Minimum creep rates measured in the
rupture tests are included in table IU. The detailed creep test data are
shown in table VI. The logarithmic cwves of stress against creep rate
for the rupture and creep tests at 1200°, 1350°, and 1500° F for ~he
Inconel X disc are shown tn figure 4.

The creep rates plotted were the minimum rates measured in both
rupture and the creep tests. In the creep tests on this material at
1200° F, in,tie stress range k5,000to 50,000PSij the fi~ CreeP

the

——— .— — —:,.- ,,—.
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rates measured were also the final rates at the end of test periods in
the range 1500” to 2000 hours. Differing from this behatior, in the creep
tests a= 13~0° and 1500° F, the mininnm-rates of creep occu&ed either -
at the start of the test or during the first 500 hours of the testing
period. Following this initial period, increasing rates were observed.

The creep strengths obtained from figure 4 were as follows, and for
convenience of compwison the 1000+our and the extrapolated 10,000+our
rupture strengths are shown here also:

Stress (psi) for indicated properties

Temperature 1~ Estimated
(OF) rupture o.0001–percent/ 10,OOW O.00001-~rcent/

Stawlgth hr creep rate rupture hr creep rate
strength

1200 66,500 61,000 *,000 49,000
1350 37,000 31,100 20,000 25,000
1500 15,000 15,800 9,700 13,900

Inconel X be~ves Uffermtly from- of the other types of heat-
resisting alloys included h this program of tests on large discs. The
following specific comments shouldbe carefully considered before using
creep iiatafor design:

(1) Inconel X is a strong material and minimum creep rates are low
at very high stresses. These minimum creep rates cannot, however, be
extrapolated with accuracy on the assumption that a rate of 0.0001 or
0.00001 percent per hour is equivalent to 1 percent in 10,000 and
100,OOO hours.

(2) At120001?, very little first-stage creep was observed. At
stresses of 70,000 psi and higher, however, the tests immediately entered
third-stage creep. The time for entrance to third+rtsge creep increased
at lower stresses. It is important to note, however, that third-stage
creep was observed in as short a time period as ~0 hours at 55,000 psi
when the creep rate was only 0.000035 percent per hour. In fact,
figure 5 indicates that third-stage creep wou+l occur under the stress
corresponding to a minimum rate of 0.00001 percent per hour in only
2000 hours.

(3) Not otiy t~rd+t%e creep can be anticipated prematurely but
. also premature rupture. The comparative 10,000+our rupture strengths.

given with the previous tabulations of creep strength were well below the
creep strengths for 0.0001 percent per hour and indicate that fracture

. would occur at-time periods much less.than’10,000 hours under stresses
corresponding to the creep strengths.

.- —— - —----- --—-—-— -- —--.-z —.--.-.-—— .- -——--- ——-—— - —--
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Stability Characteristics

.

Some of the completed-test specimens were subjected to tensile,
impact, and hardness tests at room temperature after creep testing
at 1200°, 1350°, and 1500° F with the results shown in table VII.

After creep testing at 1200° F for 18o4 hours, the stiength and
ductili~ values nmasured at room temperature were slightly increased as
compared with the values for the material in the original heat+treated
Conutian.

Creep testing for slightly over 2000 hours at 1350° and 1500° F
produced a considerable reduction in yield and tensile strengths, with
the greatest change at the higher test temperature. Ductility values
were somewhat higher after treeg testing at 1350° F md practically
unchanged after testing at 1500 F. Differing from some other types of
,alloys, Inconel X consistently maintained a good level of roobtemperature
tensile ductility and Izod impact strength after Ion&t= creeP
testing.

.
l?hotomicrographsof the Inconel X alloy in the solution=lreated and

in the solution-treated and aged conditions are shown in figure ,8. The
very fine precipitate in the aged material is clearly etident.

Figure 9 shows photmicrogram of the structures of creep specimens
tested at 1200° and 1350° F. The structures show no significant difference
from the as+hea+treated alloy even though tensile properties are some-
what reduced after testing at 1350° F.

The photomicrographs shown in figure 10 for twoorupture and creep
test specimens tested for 604 and 2160 hours at 1500 F, respectively,
definitely indicate a marked change in structure as a result of long-
time exposure at this temperature. Appreciable agglomeration of the pre-
cipitated phase has occurred and there is a significant difference in
structure and degree of agglomeraticm between the specimens tested for
604 and2160 hours at 1500° F. This difference in structure aocounts for
the decrease in room-temperature strength as a result of testing at
1500° F. Because of this lack of structural stability at 1500° F, the
use of this Woy at 1500° F should preferably be restricted to service
periods over which test data are available and for which the data have
shown the deformation at the design loads not to be excessive.

Comparison of Properties of Inconel Xwith

Single and Double Aging Treatments

The first tests on material cut from this Inconel X disc were made
on material given a single aging tieatment of ko hours at 1300° F, and
this aging tieatment was thought to be best. U’ter, both experimental
work by ~e International Nickel Company and the results of rupture tests
at 1200° and 1350° F in the present test program in~cated that low

,.. -. ---- .- .———-.. –-——-
,.T. ,-., ,.
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ductility d low
%* treahnt.

9

ruptme strengths resulted from the use of this single
Upon recamnendation of the-llrternationalNickel Company,

a double aging treatment of 24 hours at 1550” F fol.lowedby 20 hours
at 1300° F was adopted, and mcmt of the tests herein reported were made on
the alloy given this doulle aging tieatment.’ It was thought of interest,
however, to indicate some of the results obtained using the single aging
treatment for comparison tith the data oltained with the double aging
treatment.

The data oltained have leen summrized and the strengths for Inconel X
with both aging treatments are compared in ta%le WI. It is indicated
that Inconel X shows superior rupture strengths and letter ductility
at 1200° and 1350° F in the double-aged condition. However, at 1500° F the
rupture strength of the singl~d material.is slighiilyhigher.

Creep strengths for 0.0001 and 0.00001 percent per hour are higher
at 1200° and 1350° F ‘forthe s@le+ged material, but the dou%l~ed,
~terial shows the better creep strength at 1500° F.

The trend is for superior 100- and IOO&hour deformation strengths
at 1200° and 1350° F for dou’ble-agedmaterial.. At 1500° F, the sfngk+

. aged material shows the letter lmour deformation strengths, while for
the longer time or loo~hour strengths up to l–percent total-defmmat ion
the doubl- material maintains a slight superiority. These results
together with the >etter ductility indicate that
ment is the better of the two treatments.

the dcnible aging treat-

CONIXCIDINGREMARKS

The ticonel X disc material developed high tensfle and yield strengths
when pro rly soluti-treated W aged. Rupture strengths at 1200°

vsnd 1350 F were also high. Strengths for total-cleformati6n values in the
range of 0.2 to 0.4 percent at 1200° F sre largely controlled by minor
variations in proportional limit. ti tests at all three temperatures
of 1200°, 1350°, and 1500° F, the transition to third-stege creep occurred
at relatively low deformations emd early in the test period. However,
Inconel X is such a strong alloy at 1.200°and 1350° F that appreciable
stresses can le sustained with very low deformations.

Compared with material cut from discs of low-carbon N-155, S->0,
and s-816 alloys and tested in various conditions of forging and heat treat-
ment, Inconel X ghows generally superior properties,at 1200 and 1350° F for
time perimls up to 1000 hours, which is the etient of the test period f~
which detailed comparisons can be tie. The early transition to third-
stage creep for kconel X suggests extreme caution in extrapolation to
longer periods than those for which actual test data are available.

.

. . —. —. .-. . ,._.. .— —.. ,— _ -=— .— — .,. ...— _ . —.——-
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10 NACA ~ NO. 1770

At 1500°F, Inconel X is about,equal to or better than any of the
other three alloys mentioned for deformations of up to 0.5 percent snd
time periods up to 1000 hours. Better strengths at 1~00° F than those
of Inconel X are shown by solution-treated and aged alJ_oys-816 for a
total deformation of 1 percent or more. The observed structural insta-
bility of Incgnel X at 1500° 1?and the early transition to third-stsge
creep are warnings againet use of the test data for extrapolation beyond
the actual test period. ,

The high ductility of Inconel X after exposure at high temperature
under stiess is an unusual and probably desirable characteristic of this
material.

Compardwith the properties of bar-stock of Incanel X given the
double agtng treatment, the disc material shows slight

%
lower short-

time tensile properties at room temperature and at 1500 F, and slightly
.lower rupture and creep strengths at 1350° and 1500° F.

Battelle.Memorial Institute
Columbus, Ohio

University of Michigan
Ann Arbor, Mich.,

June 22, 1948

.

I

.

.. —— ,—-. . .. . .-, .,,-.-, :! -.. —.
,., -.. .,.



NACA TN NO. 17’70 l-l

REmRmms

.

,

.

1. Freeman, J. W., Reynolds, E. E., and white, A. E.: A Mdxllurgical
Investigation of a Iarge Forged Disc of lHDL Alloy.
NACA ACR NO. 5C1O, 1945.

2. Freeman, J. W., Reynolds, E. E., and White, A. E.: A Metallurgical
Investi@tion of a Imge Forged Disc of CSA (23h--A-5)Alloy.
NACAti NO. 5~7, 1945. -

3. Freeman, J.W., .andCross, H. C.: A
a Iarge Forged Disc of Low-carbon
1945 ●

4. Freemsm, J. W., Reynolds, E. E., and

Metallurgical
N-155 Alloy.

White, A. E.:

Investigation of
NACAARR NO. *O,

A Metallurgical
Investigation of Five Forged Gas-Turbine Discs of Timken AIloy.
NACA ~No. 1531, 1948.

5. Freeman, J.W., Reynolds, E. E., andl?hite, A. E.:
Investigation of Two Conto@orged Gas-I’ur~ine
Alloy. NACATNNO. 1532, 1948.

6. Reynolds, E. E., Freeman, J.W., and White, A. E.:
Investigation of Two Iarge Discs of CSA Alloy.
1948.

7. Reynolds. E. E.. l?reeman.J. W.. andwhi.te. A. E.:

A Mdmllurgical
Discs of 19-9DL

A Metallurgical
NACATN NO. 1533,

A M@dlurgical
hves~igatio~ of a Co&o*&rged Disc &f EME Alloy. NACA TN
No. 1534, 1948.

8. Cross, Howard C., amdlbeeman, J.W.: A lktallurgical Ihveetigation
of I.argeForged Discs of Im#lxrlon 1%155 Alloy. NACA TN No. 1230,
1947.

.
9. Reynolds, E. E., Freemsn, J.W., anilwhite, A. E.: AMdmllurgical

Investigation of Two Turbosupercharger Discs of l~DL Alloy.
NACA ~NO. 1535, 1948.

Ml. @OSS, Howard C., and Sinmons, WardF.: Hea&Resisting M@als for Gas
Turbine Parts. OSRD No. 6563, Serial No. ML636, War Mstallur~
Div., NDRC, Jan. 21, 1946.

Il. Cross, Howsrd C., @l?reemsn, J. W.: Office of Naval Research and
NACA Metallurgicalbvestigation of a Large Forged Disc of s-816
Alloy. NACA ~NO. 1765, 1949.

1.2. Freeman, J. W., d cross, Howard c.: NACA amd Office of Naval Resesrch
Metallurgical Investigation of Two Large Forged Discs of S-590
“Alloy. NACATT? NO. 1760, 1949.

. . - .———— .— -—— —.. ..-.—-——.- —--— ——-,.



12 NACA TN No. 1770

!CABL21.—~~~ CIFlWX2iFLXDE0

.

Orfmt yield Etrmgth
*- 2E-- ~

‘“%” x“ “+
ad (psi) ELmgaticm BeanatialEwMmll Mdu3.llo(

3 ln2 ia. cu aran B emstioii
“(peraelrt) (P9ramt) hldnem (psi)

0.1~ 0.!2pmmlt

%2+Ha =.2 75 l%,m .— —-- —— ~.o 24.4 105 -—...

0 %62 SEm 75 U2,COJ —- ---- . !2’-(.0 25.9 1(% -----

0% QR 75 lso,mo — —-- ---- 2’(.0 =.3 1Q5 —----
0 aw ~ 75 1.51,203 —— --— —-— ~.o 23.9 -- -----

‘333XEm 75 155,4m E, Cum 9S,40J 97,&YJ 19.0 17.0 — 3oxld

039 =.8 n 152JXXI ~,om 9,W3 9’r,4m X1.5 15,6 — 30

“33Y Qm n 13,600 p,cm 93,CK?J 9,9CU a..o 19.2 -- 32

‘?L8rcm n 153,4al 78,c$m 94,4m 9’-(,4W 23.e 1.8.4 -- z

“39X.m 12cX3 I18,%X3 *,(m W,mo 83,SXI 9.7 lk.1 -- 28
“392m m r19,m 61,m 83,am 8S,W 9.2 10.0 — a

% m lam ti,m —— m,w W,gm 9.2 11.1 — 29

‘=’m?CE2 Mm rib,lc%l 63,(XKI 89,WJ 134,kx) 8.0 11.g -- *

%Jz 22R lm) 117,750 fi,m Tg,cm —— 8.5 13.0 -- 26

WY cm lam I13,0XI p,wa 79,5m &,5m 12.g W8 -- 26

%x 20 12c0 102,1CF3 60,1XM 73,8m 76,b3 U.5 15.2 10$ 22

%2 2C 1.2m 93*CO3 5,033 71,400 73,300 11.7 3.8A lc4 22

% cc MIJ m,w 37,400 69,W 73,1W 14.3 1s.6 103 &

w cc IsiXl 93,0C$J 46,4m 73,0s0 m,eOJ 8.0 15.2 103 28

%0x Qu3 w 26,2CCI 43,CW n,w 75,41X) 7.0 7.3 -- 23
%x2 Q&+ 1~ W’,em 47,0m 73,* 76,640 6.1 10.0 --- 26

m mm lym M%,cm 47,%kJ 76,(xKI 78,yJo 7.9 IL6 -- 24

‘XX - m lw,oco 52,m 75,~ ‘rr,m 6.5 10.3 --- 23

%x w EiXJ 76,- 36,000 6S,W 6f3,mJ 3.0 8.1 –- --—

‘m w Xm En,om 47,CDYJ IS,5W 70,6W 4.0 13.0 — 27

“41X QoI 15m 46,W 22,m 38,m 40,2C0 37.5 9.5 --- 20

%2 m 13QJ 46,603 3,1?XI 39,4al 40,ml 39.5 44.6 — 17

% m lym S,2C0 2g,cmo 44,2m 45,@J 22.3 26.1 -– -----

‘%2 m v 46,4W 23,2@J 36,cm j9,4co 43.5 45.5 -– 23
L

-t ~tment: 21@ F 4 hrve.qmahed; 15P F 24 km;d 13@ ? 20 hr.
%EE 1301’faw-plm9redial13peulnEmm !$lmClfdlec.

cantmqbm ldlalsp30iMn - rlmti disc.
S3 SurfU60pllme-umterarallm.
53 Owlta-@.mle-~cf dim.

%i&:h:&* 13p9uhlcol;all 0th9rso.y3+ln.-diemt.9r apoimam.
.

I

.

,

.

.—— .— ———.————.— -- —-— -----. ..., . ,.... , ,.
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TABLE rl.- CHAIWY I?OTCEEMMR IMPACT~IS’I!ANCE

AT ROOM mIMPlmTuRE,12000,13500,

AND 1~0° 1?FOR JI?CONELX DE3C

[navy data:” O.394-in.+quare specimens with
a O.079-in.-deep V+otch ]

Specimen Specimen Test ‘ Cherpy ~ct
number location tam rature

(1) %)
strength
(ft+lb)

NR-99+YD lhterior 75 29
m Interior 28
m Interior % 32
m hterior 33
I.zc Surface ?; 22

IvR++m Ihterior 1200 38
● WE lhterior 1200

lzA Surface 1200 :;
m Surface 1200 39

NR–99-IZI Interior 1350 45
lZJ Interior 1350 47
m Surface 1350 43
lZE Smface 13~ 44

NR-g9-lZL Interior 15CQ 59
9YA lirterior lyo g
m lhterior 1500
gYc lhterior 1500 g
lZF Surface 1500

l=mt wa~nt:
2100° F 4 hr water+penched;

1550° F 24 hr; end 1300° F 20 hr.

w

. —..—= ————-. . ..— _ .—. —. — .— — —. —— -——
.. . -, .’-’



“1

.. .

.,

t:

TAEm m.- RuPmRE m2T DATA AT l!m”, 1350°, Alto15&3° F FQR IIOIXIELX D~

spcmpfmIl ~m& Ted Strem3 Rnptl&o Klnngatf(m Rduotion

u-l inl in.
w%) (Ml)

HP rate

(a) (b) (hr) (peroeurt) (%-) (peroent/%r)

-g ~
12wJ 90,000 36

i’
8.7 ......-.

80,CQ0 136 O.(FM5

‘WA Em 70,000 418 4

%70

:;$ .0a20
cm 65+wI k .Wole

0283 m .%,cOo 2672 2 3.3 .mo7

%9@& 13’50
??J

,m 86 17 20.5 -------
143 $.;

45:R
u. ---..--

’28E CKR w 16 .o&so
’282 m 40,m m 21 &O .0012
‘W m 35,m U.77 E x?.7 .W8

*X: E
~o 30,000 4.5 ~o.o 54.3 :yo---

2s,000 $.:

%5A R
20,000 g: $:; :W
16,xm . ● 14:6 .tis

~ ❑tiq ,

‘%me

pi) furrum ln-
10 k 100m’ lmobr mq)llr

lm ..--..
1350

81,500
k-----

65,5CQ 63,0W

15Q0 53*W
!x!,m

37,000
23,2w

30,m
. l~,m .-----

—
‘Heat treatmnt: 210@ F k & watayomdbd
l~o’

;lm” F2k IRvud13@F20 hr.

~ rau=J emohell’~ m of &ilmJ. 1

m Ourfam+plum ramm. EFeo- near rim (Ifaleo.
OIIAC!Aant+

%avy data.

%stixd’ad.

1



, .

mBLEIv.- Ium NlRmmmmn TmEKJRmrm ~~120Y,ls!.30,~ 1720°rm ZW3H2LXDIZ

Btrem ‘-
(#) y=

45,CC4 O.in

47,m3 .lm

W,m .2m

3,C03 ,220

‘5J,@M .242

65,cm .267

70,m .W

80,m .420

92,m -----

25,0Y2 .I13

30,cm .153

35,w J%

40,0X .l&

45,aXl .l&

49,cm .&

Ys,m .227

10,cm .@o

12>ml .*

16,502 .lCA

W,cm .I19

@,cm .I.63

30,m .233

Wlmdtim ‘w

-q
Tim (h) far * def-tifau of -2p0imm

(m)
w’

12w

—
3.M
:&)—
-..
---
---

850

47J

23)

u

---

---

—

m

3=5

QO

ml

---

---

---

z

ml

170

75

25

---

—

Ofmtia
(~t )

.----
—---
-----

O.m

.3

.?l

.40

-----

.----

..IJ6

.163

.=9

.32

-----

-----

.-.--

+=

,1 percat 0.!2 ~

----

----

---- .----

.3 pel’wd

----

----

----

10sS

‘m

170

----

----

----

191.5

1570

m

m

----

----

----

.s ~

----

----

----

----

1425

w

?9

-1
----

‘lm+-m
%3

h
km
%3

b
b~

%70

%-m

----

----
----
----

=x

lno

265

m

----

----
.-. .
----
----
----
----

----
----
---

----

lb-go

79

35

172

68

55

----
----
----
----
----
----

----
----
----

----

1720
----

4FX

47

H

w

---- ..---
---- ---.-

---- -----

---- -----

‘---- I -----
---- -----

---- lm

%.2Z

%!z+
%61

%2@

%2

%3

----

lb

473

In

77

3?

10

----

@to

633

2+6

IJ2S

50

23

---- m
---- M,

---- 8

---- -.---

----

I
---.-

---- -----

T
1Z5

-----

7?7 17cm
---- 125

---- 12

---- .----

.W

.W

.22

,69

3.0

---.-

----

----
----

----
----
----

----

----

w
.w

3

----

----

----

MO

ED

7

----

----

----

51.O

M

16

----

----

----

m

104

29

-------- , -----

j %attmdamb: !21C@’rbti whwwl&d;155&r24hr: mld13@r20ilr.

~
%aA date..
‘hbimkd by mtrapddicm Or tiim+d.efonm?.tim- frm WFcQ b.
%tlmtd br erhqmhtim of ~mtion - * 1671+.

.

‘%a~ dab.



.

TABLE P.- TIm-ImmRM4mm AND UmIe SmmGTHs AT 1200°,

1350°, ad 151300 ~FOR ~CO~XDd

Creep strength

Mirperature ~efT&yi
&&ess (pal) to oauae total. (based onrcdrdmm meep rates)

(%)
defamation in - psi)

(peroent ) lb
10 k 100 b? 1000 ID? 2003 h?

0.00010 O.(x)ool
peroent /hr pmcent /br

%200 0.2 ’4830,0c50,cm :49, CQQ ~3>300 ‘;;%2W; 046~~
61,000 kg,ow

Cp,ocm -------

:; 087, 3CQ 78:700 70:CW0 61,200 58,6@3
1.0 ------- ------- 77,7cm 64,500 60,5(X3

DYOlsiticm 67,YN 53,500 -------

~ %350 W4,0cx) 39,8@3 37,3cm 27,c00 ------- 31, m 25,000

:; ------- 55,300 b2 ,7m 30,000 -------

1.0 ------- 60,000 @,7: 3J,2CQ -.-----

Trmdt Ion 045,000 043,100 , .-.--.- -------

%500 .1 ------- C14,5Q0 C13,100 U, Loo ------- 15,800 13,9m
.2 ;d+j5@) 20,6CC 16,TM 12,900 U,l’cil
.5 ~27.om 22,&Kl 18,700 C14,500 -------

1.0 B,ocn) 24,200 19,500 ;14,800 -----.-

be.ndtion ------- ------- 18,700 8,000 ........

-.
%eat treatment: 2100” 1?A hr water-quenohed; 1550” ~ 24 br; -1300” F 20 hr.
%&l data.

cEsth9ted~

‘Navy data.

I

.
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E@apal.

(a)

TAELS VT.- CREEP = DATA AT 121X10J1350°, AD 15M0 F FOR IUCOIi151X D190

Moo 45,cm M!&
4-f,cm 167Y.
50,m X337
m,m 1655

1500 10,m !a60
12,m !ap

rnltiel
.eformtsol
(@mallt)

O.lw
.187
.200
.220

.113

S53

(beep rate (p3roeht@) at – Total defcnmatim (~ment) at.

YM In’ loco hr 1~ hr ‘mm) h. W* 1000 ~ 1500 ~

O.oocnuo 0.01XK)09 O. CKDXL$ ------- O.* O.lEn O.MK)
.Oooo11 . Omcno . O(x)olo ------- m .190 .197
.mo17 .000018 .m3016 ------- .213 .223 .231
.oaoo35 .030055 .wlq~ ------- .273. .295 .330

.Oooo1o .wc@ .wnk o.oo@8 .IJ.b
e.oo@2

.135 sea
.0032 .Oqo ------- .198 .5q 2.16

.oo@50 .0UOU35
f.%

.048 .Op
.Omm .mllw .078 .117 :%0

XQo hr

--..-
.-.--
---.-
--.--

0 .!293

-----

.130

.237

y3eat tmaimant: aw~hhwat—wemki ;155$F2b hrJIUMl 130 ffF20ilr. =S=
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co

TABmlvzIo- EmEmoFaRmPm3Tm3 oNRoowmamAmm

PEYmmL FRXm?Mm W 31’?OLXEKLX DISO

k’
8peoim9n

Frior tewthg Oonaitione

number

(1) Terty$lnY

1

m+$+llY 1.200

lox 1200

~z 1500
lyxl

Residual rooIc-taMp3ratum properties

b ~~
2 2 155,4W 95,400 97,800 75,m lg.o
2 2 w, 61M gl,m 97,ti 75,m 17.5

2 155,6Im 93,Q~ 95,wJ m,~ ‘ZL.O
(:] 2 153#m g%,km 97,400 ‘f8,aM 23.2

2;$Z ;% 160,c-m Ke;wo m,ml E!0,00Q G

------- ....... ------- ------

25,0m 2035 140,000 I 75,4ca
I

77,M0

I

------

I

,34.0

I I I I [ I

10, CO3 2160
------- .. :----

1

------

I

------

I

..-.

12, m 2152 125,5@3 56,W 57,EKI0 ------ 22.0

I I I I I I

Mllotion Iml imgaot
of Erea
p9mmt) %%%

I

ly.o P
15.6
19.2
18.4

-1--
..-..-
1s.8

30.2 --

I

---- 67
20.2

lokem

erdnesa

31Y5
---
---
-.-

---

222
---

!j

. ,
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Test teqarature, ?? Roam teq@-stare .1200 130 lm,

single Double W.ngle IbnM.e .91ngle Muble single Double
Mtion am

(a)
g ~ g

?$ ?b? g 36

mt-tim pop-ties:
Tensile strength, pai “145,mJ 154,m ---------- .-..... ------- ------ ------ -------
Elongation, percent 20 20 ........... ...---- ..----- .---e-

Re3uotim of area, preent 19
------ -------

18 .........- ------- -.....- ...... ------ -------

Rupture .9tIw@lE, pi:

K&h ------- -....-. So,cxx to ~m
m,ooo 46,(MO 53,m a,m 23,.203)

lmo-h
.-..... -...-.. 37,~ ~

46,000 66,XXI 36,m 39,m ti,m 15jocil

creep .dmKq@e, pJit

0.0331 pOrcat/hr
-. . . ..- -------

46,CQ0 61,1x0 bo,an a,lm H,2M
O.ml pmnt@

15,800
....... ....... yl,tmo W,ow .----.- 25,fxnl 7,6m 13,900

1* dofcn-mtion ~, Pi:
o .l+mroalrt defal-mtlnn

------- .. ----- ---------- ------- . . . . . . . . . . . . . 14,XQ %3,11Y3
o.2-pement defmmltion ------- ------- ‘yJ,mo %8, 3aJ ------- 5,300
O.*@it d.eforzmtion %&cm

19,61xI 16,TM
....... ....... 70,W 40,mI 42,i’m 21,3w 18,TM

1.C+5ment defcnmation
... ---- -. ..... .........-

!Cmn9itlon
77,70J 43*W3 Mm45*W
I%*&m

z2,em 19,500
..----- -...... 59,cm 045,Mm * W,w 18,70a

l(m+lr d.efmration ~> P@:
Ol-percent deformticu .- ..... .. ----- .......... ------- ------- ------ 10,CKM3 u, 10J
O.~cmt defmmaticm --..... ------- .-.-...... %& ---.-.- 27,0@J 12,2&l 12,9@3
0.*cent &eformatlon ------- ------- .........- 37,~ jQ,m 1 gal
1.O-peroantLlefo-rmtion ....... ....... ---------- 6(7M ..-----

!&8nsItion

31,2c0 i!’1 ,yxl %%
------- ------- 31,030 58,100 34,LW0 -...... I&’,&xl ‘8,(x3o

%. ..0 .,8 1, L . . . ..— —. —_.... ..a m 1,.1 L

G



.i

\ 99-2 x

\ 99-3x

\
99-4 x

,,.
,.

Figure l.-

99-36X

99-37X

99-38X

— i+—

99- 5 x

99-6x

99-7x

—
99-8x

—

—

— —

x
~

A
m

/

99- lox
1

99-11X I

,

99-12X I
I

I

I

Location oftesttowns inhwonel X discNR-99.

.

. , .
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NACATNNo. 1770

14QOOC

12QOOC

~ Ioo,ooo
n
.

siiwow
Iii

60,00C

40,00C

20,00C

c

. .

SHORT-ilME PHYSICAL Properties

/~

/
0

TENSILE STR ENGTH

O.I-PERCENT WELD
.mm

RmM mm 1300 [400 I

TEMPERATURE,”F

CREEP STRENGTHS

q

s
g 4qooo

#
n

g 20,000

0.00001 PERCENT/HR

II

TEMRZiWTUR~°F

21

I I
RUPTURE STRENGTHS

z

?’ow

\

~

E
I& 4Q00D. \ 10HR

E

!2m)HR

3
a

2opoo -
tOOO HR

o
-12CQ 1300 1400 Em

Tw Em
TE&&ATUR&’

1 1000-HR DEFORMATION 1

o~
Izco I??al Mm

TEMPERATURE,W

=&=

Figure 2.- Summary of properties of the Wonel X disc.
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AGED 15!30”F 24 HR, THEN 130rYF 20 HR

)

: AGED 156@ F 24 HR

4 SOLUTION-TREATED 2100° F 4 HR, v

WATER-QUENOHED

I

4 5 6 7 a’ 9 11’.

IN. FROM CENTER OF DISC ON COUPON NR-99-ZI
● ~RFA~ E~~ To FORGING

& ‘(M

O ~RFA@ NW To y- OR (j~~ p~E

Figure % - Variationinhardnem from center to * of Inconel X disc.

I

}

I

I
I
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J

,-

..j

9J,WU

m
‘~

:.

eqccm
Ch - 3&3°F

z-
“

+j
.4qolm

I 3qom — — - - . EOJ “F

E
FQOOO

lo/w3 c 4 60 z 4eo e 4 60 2
I 10

4*8
Iw Io,cdo

RUPTURE TIME, HR

aEP RATE, PERoElll/HR

IWgure 4.- Curves of stress against roptwe time @ creep

Inconel X disc.

rate at 1200°, 1360°, and 16C0° F for

.,



100+300

!3yW

\

tqolM

z
#-7qoo+Y

E

60@oo,

Wpm

1

40,000
2

I

I I I
● RUPTURE DATA

O CREEP 12ATA

ff E~RAPOLATED CREEP [

TIME , HR

T
iTA

hONTROUE

BY MINOR
VARIATIC+& IF

- FIWFORTlONAl

LIMIT I 1

.
Figure 5.- Curves of stress agahmt Ume for total deformation at lZCIC)OF for Inconel X disc. w
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I
!

7QOO0
\ I I

. .
● RUPTURE OATA

0 CREEP DATA

S-qooa \

6oJm \ \

— .- _
G

E

?!qOoo

“ qom

Iqooo

I
2 4 68

10
2 4 68

100
2 4 68

lf300 2
4

., 6 ‘lo@o

ION TO THiRD

TIME, HR

Figure 6.- Curves of stress agahst time for total deformation at 13E0° F for Inconel X disc.’
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I
.

!
I

3qooo

● RUPTURE DATA

o CREEP TEST DATA

i2&ooo \

2opoo

I 5J300

lqooo ‘

TRANSITION TO THIRD -

5,0al
2 4

‘1
66 e 4 68

0
!2 4

6 *l@oo 2
4

K)o
68

Qlxlo

TIME, HR

Figure 7.- Curves of stress against the for total deformation at 1!300° F for Inconel X disc.
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.
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*

.

j /:.’”..’ { ,.’.,

. NJ’ ‘r .. . .. ~ , ~

1“ .

/. —-

10QX 100ox

(a) Solution+reated - heated at 2100° F k hours and water-quenohed.

loo-x ‘

(b) Solution-treated and then

100ax

aged 24 hours at 1550° F and 20 hems
at 1300” F.

Yigure 8.- Origbal miorostruoture of Zaconel X dim. Aqua regia in
glycerhe etch.
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.

.

,-

~ ““ (’
. .. . . . -. . ‘i-.? ,v;~:’.

,, . . “’.’~, ,’.

1’
‘, .,* .-

~-. \
. ....*. -- . . . “-V-. <’,.-. ...+..

-:-e-. . _

f.. .
<’..,’\.-*:: . . : ‘F..-. ..:. -.,.< —__,. .=. -,.<. ... ,,...

,,/
-“$::.:’;;”:. ‘ ‘ ‘;: ‘ , “;*:,”:”:.~. ..:,,:, ,- . . ;:=.

>.’5 ’.”,..J,&.-@ ,., *-. . ,..
. . . . .. . . . -:,?- .-, ,.

,. ,..
:.”.-:+’, . .

.%. -”

y
.

100X . ..-

(a) .Spechm llY; 1537 hours at 1200° F under 50,000 psi.

Fracture - 10QX
Interior – 1000X

(b) Spechwn 28E; ~1 hours for rupture at 1350° F under 40,000 psi.

I?igure 9.- Microstructwes of tested speckm from bconel X disc.
Aqua regia h glycerine etch.
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NACA TN No. 1770 31

IEracture - 10CK lhterior - 1000X

(a) Spec~n 2%; 60k hours for ruptme at 1500° F under 16,500 psi.

10UX 100ox
(3) Specimen 92; z60 hours at 1500° F under 10,000 psi.

Figure 10.- Microstmuctures of tested specw~ frcfmhconelX disc.
Aqu.aregia in glycerine etch. e
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